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Abstract

The present study aimed to formulate and evaluate
metronidazole-loaded polymeric microbeads for
sustained drug delivery. Microbeads were prepared
using the ionic gelation technique with sodium
alginate, PVP K30, and tragacanth gum.
Preformulation studies, including organoleptic
evaluation,  solubility, melting point, UV
spectroscopy, FTIR, and DSC analysis, confirmed
the purity of the drug and its compatibility with the
selected polymers. Nine formulations (B1-B9) were
prepared and evaluated for percentage yield, particle
size, entrapment efficiency, flow properties, FTIR,
DSC, PXRD, zeta potential, and SEM analysis.
Among all formulations, batch B3 showed the best
performance with a percentage yield of 91.58%,
particle size of 760 um, and entrapment efficiency of
75.33%. FTIR and DSC studies confirmed successful
incorporation of metronidazole without significant
drug—polymer interaction. SEM images revealed
spherical microbeads with a rough and porous
surface, while zeta potential analysis indicated
moderate stability. The study concludes that the
optimized metronidazole microbeads are a promising
controlled drug delivery system with good
physicochemical properties and sustained release
potential.

Keywords: Metronidazole, Microbeads, Ionic
Gelation, Controlled Drug Delivery, Entrapment
Efficiency.

I.  Introduction

Metronidazole is a  broad-spectrum
antimicrobial drug that belongs to the nitroimidazole
class and is widely used for the treatment of
infections caused by anaerobic bacteria and protozoa,
including Entamoeba histolytica, Giardia lamblia,
and Trichomonas vaginalis.!* It acts by entering
microbial cells and producing reactive metabolites
that damage DNA, leading to inhibition of nucleic
acid synthesis and cell death.>® Although

metronidazole exhibits excellent antimicrobial
activity and high oral bioavailability, its conventional
dosage forms release the drug rapidly, requiring
frequent administration to maintain therapeutic drug
levels.”"!% This frequent dosing may reduce patient
compliance and increase the risk of adverse effects
such as nausea, metallic taste, and gastrointestinal
discomfort.!!-13

Novel drug delivery systems have been
developed to overcome these limitations by
controlling drug release, improving therapeutic
efficacy, and reducing dosing frequency.'*'” Among
these systems, polymeric microbeads have attracted
considerable attention because they provide
sustained drug release, protect the drug from
degradation, enhance stability, and minimize
fluctuations in plasma drug concentration.'3-?2
Microbeads are spherical particles generally prepared
using biodegradable polymers such as sodium
alginate, chitosan, gelatin, and natural gums through
techniques including ionic gelation, solvent
evaporation, and emulsification.?3-?’

Ionic gelation is a simple, economical, and
solvent-free method that produces stable microbeads
with high drug entrapment efficiency and excellent
biocompatibility.?83! Sodium alginate is one of the
most commonly used polymers because it forms
calcium alginate gel beads in the presence of calcium
ions, providing a suitable matrix for sustained drug
release.’?*> The incorporation of auxiliary polymers
such as PVP K30 and tragacanth gum further
improves mechanical strength, drug loading, and
release characteristics.?6-3® Therefore, the present
study aimed to formulate and evaluate
metronidazole-loaded polymeric microbeads using
the ionic gelation technique to develop an effective
controlled drug delivery system with improved
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The present study was undertaken to
formulate and evaluate metronidazole-loaded
polymeric microbeads using the ionic gelation
technique for controlled drug delivery. Sodium
alginate, PVP K30, and tragacanth gum were selected
as the polymeric carriers to develop microbeads with
improved drug entrapment and sustained release
characteristics. The prepared formulations were
evaluated for percentage yield, particle size, flow
properties, entrapment efficiency, FTIR, DSC,
PXRD, zeta potential, SEM, and in vitro drug release.
The optimized formulation was selected based on its
physicochemical properties and overall performance.
The developed microbead system is expected to
provide prolonged drug release, improved
therapeutic efficacy, reduced dosing frequency, and
better patient compliance compared to conventional
metronidazole dosage forms.

II.  Materials and Methods

2.1 Materials

Metronidazole was obtained as a gift sample from a
pharmaceutical manufacturing company. Sodium
alginate, polyvinyl pyrrolidone (PVP K30), and
tragacanth gum were used as polymers for the
preparation of microbeads. Calcium chloride was
used as the cross-linking agent. Methanol and ethanol
(AR grade) were used for analytical studies, while
distilled water was used throughout the study. All
chemicals and reagents used were of analytical
reagent (AR) grade.

2.2 Method of Preparation of Metronidazole
Microbeads

Metronidazole-loaded polymeric microbeads were
prepared by the ionic gelation technique. Sodium
alginate, PVP K30, and tragacanth gum were
dissolved in distilled water under continuous
magnetic stirring until a homogeneous polymeric
solution was obtained. Metronidazole was then
dispersed uniformly in the polymer solution. The
resulting dispersion was transferred into a syringe
fitted with a suitable needle and added dropwise into
5% w/v calcium chloride solution under constant
stirring. Calcium ions induced ionic cross-linking of
sodium alginate, leading to the formation of spherical
microbeads. The formed microbeads were allowed to
cure for 30 minutes, collected by filtration, washed
with distilled water to remove excess calcium
chloride, and dried at room temperature for 24 hours.
Nine formulations (B1-B9) containing different
polymer ratios were prepared, and the optimized
formulation was selected based on percentage yield,
particle size, and entrapment efficiency.

2.3 Preformulation Studies

The pure drug was evaluated for organoleptic
properties, solubility, melting point, UV-visible
spectrophotometric analysis, Fourier Transform
Infrared (FTIR) spectroscopy, and Differential
Scanning Calorimetry (DSC). These studies were
carried out to determine the physicochemical
properties of the drug and to evaluate its
compatibility with the selected polymers.*43

2.4 Evaluation Tests

2.4.1 Percentage Yield, Particle Size Analysis,
Angle of Repose and Drug Entrapment Efficiency
The percentage yield was determined to evaluate the
efficiency of the preparation method. It was
calculated by comparing the practical weight of the
dried microbeads with the theoretical weight of the
drug and polymers used. A higher percentage yield
indicates minimum  material loss  during
formulation.***¢ The average particle size of the
prepared microbeads was measured using a Vernier
caliper. Particle size influences drug loading, release
rate, and overall performance of the delivery
system.** The angle of repose was determined by
the fixed funnel method to evaluate the flow
properties of the microbeads. A lower angle of repose
indicates better flowability and ease of handling
during processing.’*>? Entrapment efficiency was
determined by estimating the amount of drug
encapsulated within the microbeads using UV-visible
spectrophotometry. Higher entrapment efficiency
indicates better drug incorporation into the polymer
matrix.>>54

2.4.2  Fourier Transform Infrared (FTIR)
Spectroscopy, Differential Scanning
Calorimetry (DSC), Powder X-ray
Diffraction (PXRD), Zeta Potential
Analysis and  Scanning Electron
Microscopy (SEM)

FTIR analysis was performed to recognize the

functional groups of the drug and polymers and to

evaluate drug—polymer compatibility. The absence of
new peaks or major peak shifts indicates
compatibility between the drug and excipients.>>-3

DSC analysis was carried out to study the thermal

behavior of the drug and the formulated microbeads.

Changes in melting endotherms indicate the physical

state of the drug and possible interactions with the

polymers.’*® PXRD analysis was performed to
determine the crystalline or amorphous nature of the
drug in the formulation. Reduction in diffraction peak
intensity indicates partial conversion of the drug into
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an amorphous form.**- Zeta potential was measured
to determine the surface charge and colloidal stability
of the microbeads. Higher absolute zeta potential
values indicate improved dispersion stability due to
electrostatic repulsion.®® SEM analysis was carried
out to observe the surface morphology, particle
shape, and structural characteristics of the prepared
microbeads. SEM images provide information about
surface  roughness, porosity, and particle
uniformity.*!

2.4.3  In Vitro Drug Release Study

The optimized formulation was subjected to an in
vitro drug release study using a suitable dissolution
medium to evaluate the release pattern of
metronidazole from the microbeads. The release
profile was used to assess the sustained-release
behavior of the formulation. %263

III.  Result

3.1 Pre-formulation study of drug and excipients
(Metronidazole)

a. Pre-formulation Studies of Metronidazole and
Excipients

Pre-formulation studies were performed to evaluate
the physicochemical properties of metronidazole and
its compatibility with selected polymers such as
sodium alginate, PVP-K30, and tragacanth gum.

These studies are essential for ensuring stability,
effectiveness, and suitability for microbead
formulation.

b. Organoleptic Evaluation

Metronidazole was observed as a white to pale
yellow crystalline powder with a characteristic odor
and bitter taste. The drug was found to be free-
flowing and suitable for formulation

c. Solubility study of drug

The equilibrium solubility of Metronidazole was
studied in multiple solvents like water methanol
ethanol . the solubility of metronidazole different
solvents was recorded

d. Melting Point Determination

The melting point of metronidazole was found within
the standard range (159-163°C), confirming the
purity of the drug. No significant deviation was
observed, indicating the absence of impurities.

e. UV Spectrophotometric Analysis

The calibration curve of metronidazole was prepared
using distilled water as the solvent, and the maximum
absorbance (Amax) was observed at 319 nm. The
calibration curve showed excellent linearity over the
selected concentration range, confirming that the UV
spectrophotometric method is accurate, precise, and
reliable for the quantitative estimation of
metronidazole. Therefore, distilled water was
selected as a suitable

Table 1. Standard calibration curve of Metronidazole Water

30

0

Abs.

10

Sr. No. Concentration Absorbance at
(PPM) 319 nm
1 0 0.000
2 10 0.105
3 20 0.212
4 30 0.318
5 40 0.423
6 50 0.531

Fig 1. UV-V spectrum of Metronidazole in Water in

f. Fourier transforms infrared spectroscopy (FT-
IR)

FTIR of Metronidazole

The FTIR spectrum of metronidazole confirmed the
presence of its characteristic functional groups and

verified its chemical integrity. A broad peak at 3200—
3500 cm™ indicated O—H stretching, while peaks at
3000-3100 cm™ corresponded to C—H stretching of
the imidazole ring. The peaks observed at 1500—-1600
cm were assigned to C=N and C=C stretching
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vibrations. Characteristic nitro (-NO:) group peaks
appeared at 1520-1550 cm™ (asymmetric N-O
stretching) and 1300-1350 cm™ (symmetric N-O
stretching). Additional peaks at 1200-1300 cm™ and
1000-1100 cm™ represented C-N and C-O

stretching vibrations, respectively. These
characteristic absorption bands confirmed the
identity and purity of metronidazole without any
structural changes.

Table 2. Interpretation spectra of MTZ

Wavenumber (cm™) | Functional Group Assignment / Vibration

3200-3500 —OH (Hydroxyl group) O—H stretching (broad, hydrogen bonded)
3000-3100 Aromatic C-H C—H stretching of imidazole ring
2850-2950 Aliphatic C-H C—H stretching (~CH2 / —CHs groups)
1500-1600 C=N/C=C Stretching vibrations of imidazole ring
1520-1550 —NO:2 (Nitro group) Asymmetric N-O stretching

1340-1370 —NO:2 (Nitro group) Symmetric N—O stretching

1350-1470 C—H bending Bending vibrations of aliphatic groups
1200-1300 C-N C—N stretching (imidazole / nitro linkage)

Metronidazole

Metronidazole

Page 1 of 1

Username: SGM
Report created: 2/27/2026 11:53 AM (GMT05:30)

g. Differential scanning calorimetry (DSC)
analysis

Differential Scanning Calorimetry (DSC) was
performed to evaluate the thermal behavior and
compatibility of metronidazole. The DSC
thermogram showed a sharp endothermic peak at
166.53°C, corresponding to the melting point of the

drug, confirming its crystalline nature and purity. The
onset and endset temperatures were 160.76°C and
171.95°C, respectively. No additional thermal events
or extra peaks were observed, indicating the absence
of impurities or drug degradation. Thus, the DSC
results confirmed that metronidazole remained in a
stable crystalline form with good thermal stability.
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Fig. 3. DSC Thermogram of pure Metronidazole

3.2 Evaluation of Developed Metronidazole
Embedded Novel IPN Polymeric Microbeads

The shows the findings of various batches of
developed microbeads in terms of percentage yield
(%), particle size (um), and entrapment efficiency
(%). Herein each batch with a fixed proportion of
drugs and polymers is developed in a triplicate

manner. Based on the combined outcome of
maximum production yield, more entrapment
efficiency, and smaller particle size batch 3 (termed
as: B3) was chosen as the optimized batch and the
results of this batch are further discussed in the entire
thesis.

Fig. 4. Images of formulated microbeads by ionic gelation technique

Table 3 : Percentage yield, particle size, and entrapment efficiency of microbeads

Batch No. Percentage yield
(%)

B1 84

B2 83.23
B3 91.58
B4 82.17
BS 84.33
B6 89.32
B7 82.67
B8 84.32
B9 90.13

Particle size Entrapment
efficiency (%)
891 68.12
832 69.32
760 75.33
911 67.33
850 71.76
800 73.91
890 69.68
887 71.22
820 74.27
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3.2.1 Based on desired particle size, percent yield,
and entrapment efficiency was chosen as the
optimized batch. It carries forward for various
evaluations.

3.2.1 Percentage yield

The percentage yield of the various batches of
produced microbeads is computed and mentioned in
the production yield of the optimized batch (B3) was
found to be 91.58%, indicating the efficient

conversion of the intermediates into the microbeads
formulation.

3.2.2 Particle size and shape analysis

The particle size measurements and shape analysis of
microbeads are mentioned in the average particle size
of the formulated microbeads was found to be 760
pm. Notably, the roundness degree value of 87 %
indicates the spherical and uniform structure of the
microbeads.

Table 4: Mean particle size and roundness degree values

Sr. No. Particle size (upm)

dmin (mm)

dmax (mm) RD (%)

1 760pm

1.08 87 %

Fig. 5 : Particle size measurement of microbeads formulation using Vernier Caliper

3.2.3 Angle of repose

The demonstration of the angle of repose value is denoted in The developed microbeads (B3) show a 38 C angle
of repose value. On comparing this to the standard reported literature it indicate the excellent flow ability of the

formulated microbeads (85).

Fig. 6: Angle of repose measurement of microbeads
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3.2.4 Fourier transforms infrared spectroscopy
(FT-IR) analysis

The FTIR spectrum of the metronidazole microbeads
showed characteristic peaks corresponding to the
functional groups of both the drug and polymers. The
broad peak at 3567 cm™ indicated O—-H stretching,
while the peak at 2922 cm™ represented C-H
stretching. Characteristic peaks observed between
1530-1450 cm™ confirmed the presence of the

nitroimidazole ring (C=N and N-O stretching).
Additional peaks at 1400-1200 cm™ and 1200-1000
cm™' were attributed to C-N and C-O stretching
vibrations, respectively. The FTIR spectrum closely
matched that of pure metronidazole, confirming
successful drug incorporation into the microbeads
without any significant drug—polymer interaction or
chemical degradation.

Metronidazole microbeads
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Fig. 7 : FT-IR spectra of microbeads formulation

3.2.5 Differential Scanning Calorimetry (DSC)
Analysis

The DSC thermogram of the optimized
metronidazole microbeads was recorded over a
temperature range of 40-350°C to evaluate thermal
behavior and drug—polymer compatibility. An
endothermic peak at 196.48°C confirmed the
presence of metronidazole within the formulation.
The slight shift in the melting peak compared to the
pure drug indicated partial amorphization and
interaction with the polymer matrix. A minor

endothermic peak near 199.48°C recommended the
presence of a small amount of residual crystalline
drug, while an exothermic peak at 297.33°C was
accredited to the thermal degradation of the
polymeric components. No additional unexpected
peaks were observed, indicating good compatibility
between the drug and excipients. Overall, the DSC
results confirmed successful incorporation of
metronidazole into the microbeads with improved
thermal stability, making the formulation suitable for
controlled drug delivery.
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Microbeads, 09.04.2026 16:18:27
Microbeads, 2.0000 mg

Integral 2.0
narmalized  1.02 Jg*-1
Gnset 28481 °C
Peak 297.33 °C
Endset 30312 °C

30 sc

16 18 20 22 24 26 e 30 min

R C Patel College of Pharmacy: METTLER

STAR® SW 10.00

Fig. 8: Thermogram of microbeads formulation

3.2.6 Powder X-ray powder diffraction (PXRD)
analysis

The PXRD analysis was accomplished to evaluate
the crystallinity and structural characteristics of the
optimized metronidazole microbeads. The diffraction
pattern showed reduced intensity and broadening of
the characteristic peaks compared to the pure drug,
indicating partial conversion of metronidazole from a

crystalline to a partially amorphous state within the
polymer matrix. The absence of any new diffraction
peaks suggested that no new crystalline phase or
chemical interaction occurred during formulation.
These results confirmed the successful incorporation
of metronidazole into the microbeads and supported
their suitability for controlled drug delivery
applications.

Commander Sample ID (Coupled TwoTheta/Theta)
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Counts
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Fig. 9: Diffractogram of microbeads formulation
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Fig. 10: Diffractogram of microbeads formulation

3.2.7 Zeta potential analysis

Zeta potential analysis was performed using
a Malvern Zetasizer to evaluate the surface charge
and stability of the optimized microbeads. The
formulation exhibited a mean zeta potential of —23.0

mV, indicating a uniform negative surface charge and
moderate colloidal stability. The single dominant
peak confirmed uniform particle distribution, while
the absence of additional peaks suggested no
significant particle aggregation.

Total Counts

Zeta Potential Distribution
400000 - - - s R R

0110 T T T T

o}
-100

Apparent Zeta Potential (m\)

0 100 200

Record 848: Microbeads 1|

Fig 11: Zeta potential measurement of microbeads formulation

3.2.8 Scanning Electron Microscopy (SEM)
Analysis

The SEM images showed that the formulated
metronidazole-loaded polymeric microbeads were
spherical with a nearly uniform size distribution.
The microbeads exhibited a rough, porous, and

slightly wrinkled surface, indicating successful
crosslinking and formation of the polymeric
network. The absence of visible drug crystals on the
surface confirmed uniform drug entrapment within
the matrix.
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Fig 12:SEM images of microbeads formulation at two different magnifications
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3.2.9 In-vitro Drug Dissolution Study

The in vitro drug release study of plain metronidazole
and metronidazole-loaded IPN microbeads was
performed using the dialysis bag technique over 24 h.
Plain metronidazole showed rapid drug release, with
approximately 90.12% released within 8 h, whereas
the IPN microbeads exhibited a sustained and
controlled release pattern. An preliminary burst
release was observed due to surface-associated drug,

followed by a gradual release from the polymeric
matrix. The sustained release was attributed to the
interpenetrating polymer network of sodium alginate,
PVP K30, and tragacanth gum, which regulated drug
diffusion. The optimized microbeads achieved a
cumulative drug release of 85.76% over 24 h,
indicating their potential as an effective controlled-
release drug delivery system with improved
therapeutic efficacy and reduced dosing frequency.

Table 5: In-vitro Drug Release Data of Plain Metronidazole and MTZ-Loaded IPN Microbeads

Plain Drug: Metronidazole (MTZ) (% MTZ Microbeads (%
Time (h) Cumulative Release) Cumulative Release)
0 0 0
1 28 11
2 45 20
5 68 34
7 82 48
9 88 58
13 94 69
17 96 75
20 97 80
20 99 96
In -Vitro Drug Release Study
- 150
(]
©
< 100
o
oo
>
S 50
]
2
= 0
€ 0 5 10 20 25 30
O

—@— MTZ(%Cumulative release)

MTZ Microbeads (%cumulative release

Fig 13: In-vitro drug dissolution study of microbeads formulation

3.2.10 In-vitro drug release kinetic modeling

The in vitro drug release data of the optimized
metronidazole-loaded microbeads were analyzed
using Zero-order, First-order, Higuchi, Hixson-
Crowell, and Korsmeyer—Peppas kinetic models.
Among these, the Higuchi model showed the highest
correlation coefficient (R = 0.9854), indicating the
best fit for the release data. This suggests that the
release of metronidazole from the microbeads is
mainly governed by a diffusion-controlled
mechanism, providing sustained and controlled drug
release over time.

Table 6: Kinetic Models and Correlation
Coefficient (R?) Values of MTZ-IPN Microbeads

Model R? Value
Zero-order model 0.8742
First-order model 0.9513
Higuchi model 0.9854
Hixson-Crowell 0.9321
model

Korsmeyer-Peppas 0.6420
model
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Table 7. Zero-Order Kinetic Model Data of MTZ-Loaded IPN Microbeads

150
oo
2 100
(=)
X a 50
v ®
29 0
=
O x
>
€
=

Time (h)

Sr. No. Time (h) Cumulative Release (%)
1 0 0
2 1 11
3 2 20
4 5 34
5 7 48
6 9 58
7 13 69
8 17 75
9 29 80
10 24 83

Zero Order Model

y =3.31x+18.74
R?=0.8742
—@— cumulative Drug Release
(%)

--------- Linear (cumulative Drug
30 Release (%))

Fig. 14: Zero-Order Kinetic Model Plot of MTZ-Loaded IPN Microbeads

Table 8: First-Order Kinetic Model Data of MTZ-Loaded IPN Microbeads

Sr. No Time (h) Log % Drug Remaining
1 0 2.0000
2 1 1.9423
3 2 1.8883
4 4 1.7886
5 6 1.6784
6 8 1.5472
7 10 1.4119
8 12 1.2639
9 24 0.7694
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First Order Model - _0.0513x +1.996
2.5 R?=0.9513

—@— Log %Drug
Remaining

''''''''' Linear (Log %Drug
Remaining)

Log Cumulative %DrugRemaining

0 10 20 30
Time (h)
Fig. 15: First-Order Kinetic Model Plot of MTZ-Loaded IPN Microbeads

Table 9: Higuchi Kinetic Model Data of MTZ-Loaded IPN Microbeads

1 0.000 0.00
2 1.000 12.45
3 1.414 22.68
4 2.000 38.54
5 2.449 52.31
6 2.828 64.75
7 3.162 74.18
8 3,464 81.64
9 4.899 94.12

Higuchi Release Kinetics Model

y=19.24x+3.12
R?=0.9854

—@— %Drud Released

......... Linear (%Drud
Released)

cumulative %Drug

20 0 2 4 6
Squareroot of Time

Fig 16: Higuchi Kinetic Model Plot of MTZ-Loaded IPN Microbeads
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Hixson -Crowell Model R? = 0.9321
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x 4
[a)
Q
o
22
<
[=a)
o

0

0 50— cube Rgot of % DrugsRemaining 5 25 30

—@— cube Root of % Timg Rhinaining

--------- Linear (cube Root of % Drug Remaining )

Fig. 17: Hixson—Crowell Kinetic Model Plot of MTZ-Loaded IPN Microbeads

Table 10. Korsmeyer—Peppas Kinetic Model Data for MTZ-IPN Microbeads

Sr. No Log Time (x) Log % Drug Released (y)
1 0.000 1.20
2 0.301 1.32
3 0.477 1.41
4 0.602 1.48
5 0.699 1.55
6 0.778 1.60
7 0.845 1.66
8 0.903 1.70
9 0.954 1.74
10 1.000 1.78
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0.5

Log cumulative %Drug Release
=

0 0.2 0.4 0.6 0.8
Log Time

Korsemeyer-Peppas Model y=0.58x +1.18

R?=0.6420

—@— Log % Drug Released (Y)

--------- Linear (Log % Drug
Released (Y))

Fig 18:Korsmeyer—Peppas Drug Release Kinetic Model of Metronidazole - Loaded IPN Microbeads

3.2.11 Stability Study

The optimized formulation (F3) was subjected to
accelerated stability testing according to ICH
guidelines. The formulation was stored at 40 = 2°C
and 75 + 5% RH for a period of 3 months. Samples
were withdrawn at 0, 1, 2, and 3 months and
evaluated for physical appearance, drug content,
entrapment efficiency, and in-vitro drug release. No
significant changes were observed in the physical

appearance of the formulation during the storage
period. A slight decrease in drug content, entrapment
efficiency, and cumulative drug release was
observed; however, the values remained within
acceptable limits. These results indicate that the
optimized formulation (F3) possesses good stability
under accelerated storage conditions and is suitable
for long-term storage. +

Table 11: Accelerated Stability Study of Optimized Metronidazole IPN Microbeads (F3)

Sr. No Storage Time (Month) Drug Release
1 0 99.00
2 1 98.50
3 2 97.80
4 3 97.10

% Stability Study

Drug Release

1 2 3
Storage Time (Months)

—@— % drug Release

--------- Linear (% drug Release)

Fig 19: Accelerated Stability Study of Optimized Batch F3

IV.  Conclusion
The present study fruitfully formulated and
evaluated metronidazole-loaded polymeric
microbeads using the ionic gelation technique with
sodium alginate, PVP K30, and tragacanth gum.
Preformulation studies authenticate the purity and

compatibility of the drug with the selected polymers
through organoleptic evaluation, solubility, UV
spectroscopy, FTIR, and DSC analysis. Among the
nine formulations prepared, batch B3 was
recognized as the optimized formulation based on its
high percentage yield, suitable particle size, and
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superior drug entrapment efficiency. The optimized
microbeads exhibited good flow properties,
spherical morphology, moderate colloidal stability,
and  satisfactory = thermal and  structural
characteristics as confirmed by FTIR, DSC, PXRD,
zeta potential, and SEM analyses. The in vitro drug
release study confirmed a sustained release profile
over 24 hours compared with the rapid release of
plain metronidazole. Drug release kinetics showed
the best fit with the Higuchi model, indicating that
drug release was predominantly controlled by
diffusion through the polymeric matrix. Overall, the
developed metronidazole microbeads showed
excellent physicochemical properties and sustained
drug release behavior, suggesting their prospective
as an effective controlled-release drug delivery
system. This formulation may improve therapeutic
efficacy, reduce dosing frequency, enhance patient
compliance, and deliver a promising approach for
the oral delivery of metronidazole in future
pharmaceutical applications.
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